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(57) Abstract: Systems and methods are described that 
provide global positioning system (GPS) enabled wireless 
communications. The wireless communications system 
provides a switching module flat is adapted to couple 
communications circuitry to a first antenna or a second 
antenna as a function of communications characteristics 
of the first antenna or the second antenna. The switching 
module is also adapted to couple GPS circuitry to a 
first antenna or a second antenna as a function of GPS 
reception characteristics of the first antenna or the second 
antenna. The switching module may also provide the 
communications circuitry and the GPS circuitry with 
simultaneous access to different antennas. 
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SYSTEM AND METHOD FOR PROVIDING 
GPS-ENABLED WIRELESS COMMUNICATIONS 

This is a continuation-in-part of co-pending U.S. Patent Application Serial No. 
09/902,035 filed on July 10, 2001, and entitled "System and Method for Receiving and 
Transmitting Information in a Multipath Environment". Priority is claimed to the above- 
identified co-pending U.S. Patent Application which is hereby incorporated by reference in its 
entirety. 

Field Of The Invention 

The present invention generally relates to a system and a method for providing GPS- 
enabled wireless communications. 

Background Of The Invention 

A signal that is received or transmitted by a conventional wireless communications device 
in a wireless communications network is influenced by the surrounding environment. . In theory, 
a conventional wireless communications device that has a single antenna 200 would have a 
radiation pattern as shown in a polar plot illustrated in FIG. 3. The single antenna 200 has an 
isotropic radiation pattern 210 illustrated with an isotropic gain line 220 of, for example, 0 dBi. 
Although radiation patterns are three dimensional, it is understood that the polar plots are merely 
two-dimensional representations. Thus, a polar plot may represent, for example, a cross section 
of a three-dimensional radiation pattern. In addition, the phrase "radiation pattern" is to be 
defined as including at least transmission patterns or reception patterns. The isotropic radiation 
pattern 210 is a theoretical, ideal model occurring, for example, in the remote vacuum of space 
with a point source of radiation. 

In practical settings, for example, in an urban environment, multipath and other 
considerations create nonuniformities in the radiation patterns. A signal may bounce off, for 
example, the ground, buildings, walls or other reflecting structures before reaching the single 
antenna 200 of the conventional wireless communications device. Furthermore, since a signal 
may be scattered simultaneously across a plurality of paths in space and time before reaching the 
single antenna, the signal may interfere constructively and destructively with itself. FIG. 4 shows 
another polar plot illustrating an example of a multipath radiation pattern 260 including a gain 
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line 230 generated from the single antenna 200. The gain line 230 has been distorted due to 
multipath interference. Thus, for example, points 240, 250, although equidistant from the single 
antenna, effectively see different radiation patterns in which the point 240 sees greater signal gain 
than the point 250. 

Therefore, a user of the conventional wireless communications device, that is suffering 
from poor reception or transmission due to multipath conditions, typically may need to physically 
move around in a random search for an improved signal (e.g., move from the point 250 to the 
point 240 without knowledge of the shape of the radiation pattern 260). Such physical 
translations of the conventional wireless communications device are not convenient and may not 
even be available under certain conditions such as, for example, when the user may not be free to 
move around. 

In addition, since multipath effects result, in part, from constructive and destructive 
interference of signals, multipath effects differ at different signal frequencies. Thus, for example, 
as shown in a polar plot illustrated in FIG. 5, a first gain line 270 is generated by the single 
antenna 200 at a first frequency fj and a second gain line 280 is generated by the single antenna 
200 at a second frequency f 2 . 

The conventional wireless communications device may transmit and receive signals at 
different frequencies. Thus, for example, via the single antenna, the conventional wireless 
communications device may transmit at the first frequency f i and receive at the second frequency 
f 2 . The conventional wireless communications device effectively experiences, for example, a 
radiation pattern for transmission as represented by the gain line 270 and a radiation pattern for 
reception as represented by the gain line 280. The consequences during, for example, two-way 
wireless communications between the single antenna 200 and a point 290 (e.g., a base station) are 
further illustrated in FIG. 5. The point 290 and the antenna 200 effectively experience disparate 
radiation patterns depending upon whether the single antenna 200 is transmitting or receiving. In 
this case, the single antenna 200 effectively experiences substantially more gain in receiving 
signals from the point 290 than in transmitting signals to the point 290. Thus, it is possible, for 
example, that although the signal from the point 290 is successfully received, the signal 
transmitted to the point 290 may be lost. 

Summary Of The Invention 

The present invention alleviates to a great extent the disadvantages of conventional 
apparatus and methods for receiving and transmitting information in wireless communications 
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system. 

In a preferred embodiment, the present invention provides a system and a method for 
global positioning system (GPS) enabled wireless communications. The wireless 
communications system provides a switching module that is adapted to couple communications 
circuitry to a first antenna or a second antenna as a function of communications characteristics of 
the first antenna or the second antenna. The switching module is also adapted to couple GPS 
circuitry to a first antenna or a second antenna as a function of GPS reception characteristics of 
the first antenna or the second antenna. 

The present invention has an advantage in that a wireless communications device may 
provide the first antenna and the second antenna from which the wireless communications device 
can select to optimize, for example, GPS reception characteristics. Furthermore, the wireless 
communications device may automatically couple the GPS module to the antenna that provides 
the best GPS reception characteristics. 

The present invention also has an advantage in that the switching module may also 
provide the communications circuitry and the GPS circuitry with simultaneous access to different 
antennas. 

These and other features and advantages of the present invention will be appreciated from 
a review of the following detailed description of the present invention, along with the 
accompanying figures in which like reference numerals refer to like parts throughout. 

Brief Description Of The Drawings 

FIG. 1A shows a schematic representation of some components of a wireless 
communications device according to the present invention; 

FIG. IB shows a schematic representation of some components of a wireless 
communications device according to the present invention; 

FIG. 1 C shows a circuit representation of a matching circuit according to the present 
invention; 

FIG. 2 A is an illustration of a wireless device according to the present invention; 
FIG. 2B is an illustration of a wireless device according to the present invention; 
FIG. 3 shows a polar plot of an isotropic radiation pattern for a conventional antenna; 
FIG. 4 shows a polar plot of a radiation pattern in a multipath environment for a 
conventional antenna; and 

FIG. 5 shows a polar plot of a radiation pattern at different frequencies in a multipath 
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environment for a conventional antenna. 

Detailed Description Of The Invention 

FIG. IB illustrates an exemplary embodiment of a wireless communications system 
including a wireless communications device 100 according to the present invention. The wireless 
communications device 100 may include, for example, a handheld wireless communications 
device, a mobile phone, a car phone, a cellular or a personal communications services (PCS) 
phone, a cordless phone, a laptop computer or other computing device with a wireless modem, a 
pager or a personal digital assistant (PDA). The wireless device 100 may be digital or analog or 
some combination thereof. Indeed, the present invention also contemplates other forms of 
wireless communications devices known to one of ordinary skill in the art. 

The wireless communications device 1 00 may include, for example, a first antenna 1 1 0, a 
second antenna 120, a switching module 130, a transmitter module 140, a receiver module 150 
and a main controller 160. The switching module 130 may include, for example, a receiver 
switch 170 and a transmitter switch 180. The main controller 160 may include, for example, a 
mobile station modem (MSM) or other processor that is programmable. The wireless 
communications device 100 may also include other components (e.g., duplexers, diplexers, 
amplifiers, mixers, filters, oscillators, etc.) which are known to one of ordinary skill in the art and 
not shown or described further herein. 

Referring now to FIGS. 2 A and 2B, the wireless communications device 100 is shown in 
one possible arrangement. In this example, the wireless communications device 100 includes 
two antennas: the first antenna 1 10 in a first orientation, and the second antenna 120 oriented in a 
second orientation. Preferably, the first antenna 110 will be positioned in an orthogonal 
relationship or in another relationship that accentuates differing gain patterns from the first 
antenna 1 10 and the second antenna 120. Also, in this example, the first antenna 1 10 is mounted 
such that the antenna extends, at least in part, outside the housing of the wireless communications 
device 100, while the second antenna 120 is mounted inside the housing. It will be appreciated 
that other antenna mounting orientations and locations may be selected to support specific 
applications and aesthetic considerations. 

In the illustrated example, the wireless communications device 1 00 transmits at frequency 
fi as shown in FIG. 2A and receives at frequency f 2 as shown in FIG. 2B. As previously 
described, it is likely that each antenna 1 1 0, 1 20 will have a different gain line at the frequency fi 
as compared to the gain line at the frequency f 2 . For example, the first antenna 110 has a 
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radiation pattern with a gain line 1 1 5 when operating at the frequency f| as illustrated in FIG. 2 A 
and a radiation pattern with a gain line 116 when operating at frequency f 2 as illustrated in FIG. 
2B. In a similar manner, the second antenna 120 has a radiation pattern with a gain line 125 
when operating at frequency fj as illustrated in FIG. 2A and a radiation pattern with a gain line 
126 when operating at frequency f 2 as illustrated in FIG. 2B. 

The wireless communications device 100 advantageously uses the difference in gain lines, 
such as, for example, between the gain line 115 and the gain line 125 or between the gain line 
116 and the gain line 126, to enhance operation of the wireless communications device 100. For 
example, the wireless communications device 100 may determine which of the first antenna 1 10 
or the second antenna 120 is better for transmitting or receiving a communications signal and 
may select the better antenna for current communications. In such a manner, more consistent 
signal quality may be obtained, which may, for example, reduce dropped calls, enable lower 
power usage, or permit faster data transmissions. Since gain lines may vary in response, for 
example, to movements of the wireless communications device 100 or to changes in the 
environment, the wireless communications device 100 may continually determine and select the 
better antenna. Accordingly, the wireless communications device 1 00 may maintain a more 
consistent signal quality even when moving or when operated in an active, dynamic environment. 

Referring again to FIG. IB, the wireless communications device 100 is described in more 
detail. The main controller 160 is coupled to the transmitter module 140, the receiver module 
150 and the switching module 130. The transmitter module 140 is coupled to the transmitter 
switch 1 80 of the switching module 1 30. Via the transmitter switch 1 80, the transmitter module 
140 can be coupled to one of the first antenna 1 10 or the second antenna 120. The receiver 
module 1 50 is coupled to the receiver switch 1 70 of the switching module 1 30. Via the receiver 
switch 170, the receiver module 1 60 can be coupled to one of the first antenna 1 1 0 or the second 
antenna 120. 

Although illustrated as being in generally in the same direction, the first antenna 110 and 
the second antenna 120 can be disposed at an angle to each other. For example, the first antenna 
1 10 is preferably disposed in a direction that is approximately orthogonal to the second antenna 
120. Since the orientation of an antenna affects its radiation pattern, the first antenna 1 10 and the 
second antenna 120 may have different radiation patterns. Thus, the second antenna 120 may 
provide an alternative radiation pattern for the wireless communications device 100. 

In operation according to an exemplary embodiment, the main controller 1 60 receives a 
signal from a base station of a wireless communications network via the first antenna 1 10 or the 
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second antenna 120. Based on the signal, the main controller 160 sets the transmitting module 
140 to transmit, for example, at a frequency fj and the receiving module 150 to receive at a 
frequency f 2 . The main controller 160 can evaluate which antenna 110, 120 provides the best 
reception characteristics at the frequency f 2 in the present environment, which may include 
multiple paths. The main controller 160 can also evaluate which antenna 110, 120 provides the 
best transmission characteristics (e.g., signal strength, clarity, bit error rate, etc.) at the frequency 
fi in the present environment. The evaluations can take place periodically or aperiodically (e.g., 
triggered by a particular condition). Based on the evaluations, the main controller 160 can 
control the switching module 130. to switch the transmitter module 140 or the receiver module 
150 to the appropriate antenna 110, 120. 

For example, during two-way communications between the wireless communications 
device 100 and a base station in a wireless communications network (e.g., a two-way 
conversation between connected callers), the main controller 1 60 may determine, for example, 
that for the assigned channel at frequency f 2 , the first antenna 1 10 provides superior reception to 
the second antenna 120 in the present environment. Thus, the main controller 160 sends a 
control signal to the switching module 130 that causes the first switch 170 to couple the receiver 
module 1 50 to the first antenna 1 10. The main controller 1 60 may also determine, for example, 
that for the assigned channel at frequency f i , the first antenna 1 1 0 provides superior transmission 
in the present environment. Thus, the main controller 1 60 sends a control signal to the switching 
module 1 30 that causes the second switch 1 80 to couple the transmitter module 140 to the first 
antenna 110. 

In operation according to another exemplary embodiment, the receiver module 150 is 
coupled to, for example, the first antenna 1 10 via the first switch 170 of the switching module 
130. The main controller 1 60 monitors the reception characteristics of the first antenna 110. If 
the reception characteristics become poor (e.g., the bit error rate exceeds or is nearing an 
applicable error threshold), then the main controller 160 tests the reception characteristics of the 
second antenna 110. For example, the main controller 160 may control the switching module 
130 such that the first switch 170 couples the receiver module 150 to the second antenna 120 in 
order to evaluate the reception characteristics of the second antenna 120. This can be 
accomplished relatively quickly. For example, if the reception characteristic of the second 
antenna 1 20 is evaluated based on, for example, the error bit rate of the second antenna 1 20, then 
an evaluation can be determined even on a bit-by-bit basis. 

If the main controller 160 determines that the second antenna 120 has better reception 
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characteristics (e.g., a lower bit error rate), then the main controller 160 may keep the receiver 
module 150 coupled to the second antenna 120. The main controller 160 then monitors the 
reception characteristics of the second antenna 120. On the other hand, if the main controller 1 60 
determines that the second antenna 120 does not have the better reception characteristics, then the 
main controller 160 may control the switching module such that the first switch maintains the 
coupling between the receiver module 150 and the first antenna 110. 

A similar procedure may be implemented by the main controller 1 60 in monitoring the 
transmission characteristics of the antennas 110, 120. For example, the main controller 160 may 
monitor transmission characteristics (e.g., signal strength) via feedback from the base station. 
Thus, if the transmission characteristics become poor (e.g., signal strength is nearing or is below 
a particular strength threshold) for the antenna presently in use for transmission, for example, the 
second antenna 1 20, then the main controller 1 60 can test the transmission characteristics of the 
other antenna, for example, the first antenna 1 10, by coupling the transmitter module 140 to the 
first antenna 110. In evaluating the transmission characteristic of the antennas 1 10, 120, the main 
controller 160 may use feedback information from the base station (e.g., closed loop power 
control). If, in this example, the first antenna 1 1 0 has the better transmission characteristics, then 
the main controller 160 maintains the coupling between the transmitter module 140 and the first 
antenna 110. The main controller 160 then monitors the transmission characteristics of the first 
antenna 110. On the other hand, if the main controller 1 60 determines that the first antenna 110 
does not have the better transmission characteristics, then the main controller 1 60 may control the 
switching module such that the second switch 180 couples the transmitter module 140 to the 
second antenna 120. 

In another exemplary embodiment, after the main controller 160 has, for example, 
switched antennas from the first antenna 1 10 to the second antenna 120 to improve, for example, 
transmission characteristics, the main controller 160 can then attempt to match the reception 
characteristics with the new transmission characteristics. In this example, if the second antenna 
1 20 has a transmission characteristic which includes a strength parameter of a particular quantity, 
then the main controller 160 tests the reception characteristics of the first antenna 110 and the 
second antenna 1 20 to evaluate which one has the reception characteristic, in particular, for this 
example, the strength parameter, closest to the particular quantity. The antenna 1 1 0, 1 20 selected 
does not necessarily have, for example, the largest strength parameter, but only the closest 
matched strength parameter. 

In yet another exemplary embodiment, the main controller 160 maintains a list of base 
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stations in range for at least one of the first antenna 110 and the second antenna 120. This list 
can be compiled when the wireless communications device 100 receives signals from all the base 
stations in range of the wireless communications device 100 during, for example, a registration 
process or other initial process. Furthermore, the list can be updated periodically or aperiodically 
(e.g., triggered by a particular condition or event). Accordingly, if the transmission 
characteristics of the antenna presently being used for transmission becomes poor, then the main 
controller 160 can test the transmission characteristics for each of the antennas with each of the 
base stations on the list. Based upon such tests, a switch in antenna or base station may follow. 
If the reception characteristics of the antenna presently being used for reception becomes poor, 
then the main controller 160 can test the reception characteristics for each of the antennas with 
each of the base stations on the list. Based upon such tests, a switch in antenna or base station 
may follow. 

FIG. 1A illustrates another exemplary embodiment of the wireless communications 
device 100 according to the present invention. The wireless communications device 100 may 
include, for example, the first antenna 110, the second antenna 1 20, the switching module 1 30, a 
component 1 85, a first module 145, a second module 1 55 and a global positioning system (GPS) 
module 165. In one example, the component 1 85 is a duplexer; the first module 1 45 includes the 
transmitter module 140; and the second module 1 55 includes the receiver module 1 50. The GPS 
module 1 65 may include, for example, a matching circuit 1 90, a low noise amplifier (LNA) 1 95 
and GPS circuitry (not shown) that is known to one of ordinary skill in the art. Furthermore, 
although illustrated as a GPS module 165, the module 165 may be adapted for other 
communications bands as known by one of ordinary skill in the art. The switching module 1 30 
may include a diversity switch 175 that may be structured, for example, to couple the duplexer 
185 or the GPS module 165 to the first antenna 1 10 or the second antenna 120. The wireless 
communications device 100 may also include other components (e.g., amplifiers, mixers, filters, 
oscillators, controllers, etc.) that are known to one of ordinary skill in the art and are not shown 
or described further herein. 

In this example, the duplexer 185 is coupled to the first module 145 and the second 
modules 155 which may include, for example, conventional communications components and 
circuitry not shown (e.g., receiving or transmitting circuitry). For example, the conventional 
communications components and circuitry may include conventional cellular band or PCS band 
transmission and reception components and circuitry. Furthermore, the conventional 
communications components and circuitry may or may not include at least a part of the main 
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controller 160. Some communications components and circuitry may be coupled to the main 
controller 160 as understood by one of ordinary skill in the art. 

The duplexer 185 is also coupled to the switching module 130 and, in particular, to a 
terminal of the diversity switch 175. The diversity switch 175 couples the duplexer 185 to the 
first antenna 1 10 or the second antenna 120. The control of the diversity switch 175 may be 
implemented, at least in part, via, for example, the conventional communications components 
and circuitry or the main controller 1 60 using methods and processes that have been adapted from 
those described herein. 

The GPS module 165 is illustrated as including the matching circuit 190, which is 
coupled to the LNA 195. Other conventional GPS circuitry (not shown) may be coupled to the 
LNA 195 as is well known in the art. Furthermore, the GPS module 165 may or may not include 
at least a part of the main controller 160. The matching circuit 190, which matches the GPS 
module 165 with the first antenna 1 10 or the second antenna 120, is coupled to the switching 
module 1 30 and, in particular, a terminal of the diversity switch 1 75. The diversity switch 1 75, 
under the control, at least in part, of the GPS module or the main controller 1 60, may couple the 
GPS module 165 to the first antenna 1 10 or the second antenna 120. 

FIG. 1C illustrates an example of the matching circuitry 190 which includes inductors Li, 
L 2 and a capacitor Ci in a particular matching configuration. The matching circuit 190 may 
include other matching circuitry arrangements and configurations including more complex 
matching circuitry arrangements and configurations and their equivalents (e.g., dual equivalents). 
The matching circuitry 190 may include passive elements, active elements or combinations 
thereof. Such conventional matching arrangements, configurations and their structural and 
functional equivalents are available, without undue experimentation, to one of ordinary skill in 
the art. Furthermore, although the matching circuit 190 is illustrated in FIG. 1A as part of the 
GPS module, other matching circuits may be placed between the component 185 and the 
switching module 130 or may be part of the first module 145 or the second module 155 to 
optimize signal characteristics. 

In operation, the wireless communications device 100 may receive a GPS signal from a 
GPS system (e.g., a constellation of GPS satellites or base stations). The GPS module 165 may 
receive the GPS signal from the first antenna 1 10 or the second antenna 120 via the diversity 
switch 175. The matching circuitry 190, for example, may provide the GPS module 165 with 
maximum GPS signal strength from the first antenna 1 10 or the second antenna 120. The GPS 
module 165 or the main controller 160 (e.g., the main controller 160 directly or the main 
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controller 160 indirectly via the GPS module 165) may evaluate GPS reception characteristics 
(e.g., signal strength, clarity, bit error rate, etc.) on the first antenna 1 10 and the second antenna 
1 20. Such an evaluation of signal strength, which can be periodic or aperiodic (e.g., triggered by 
a particular event or condition), can be used in switching the GPS module 1 65 to the antenna that 
can provide the GPS module 165 with the best GPS reception characteristics. 

For example, the GPS module 165 may be initially coupled to the first antenna 1 10 via 
the diversity switch 175. The main controller 160, in this example, can evaluate the reception 
characteristics of the GPS signal on the first antenna 110. Periodically or aperiodically, the main 
controller 160 can cause the diversity switch 175 to couple the GPS module 165 to the second 
antenna 1 20 so that the reception characteristics of the GPS signal on the second antenna 1 20 can 
be evaluated. If the reception characteristics of the GPS signal on the second antenna 120 are 
superior to the reception characteristics of the GPS signal on the first antenna 1 10, then the GPS 
module 165 can continue to receive the GPS signal on the second antenna 120. Otherwise, if the 
reception characteristics of the GPS signal on the second antenna 120 are not superior to the 
reception characteristics of the GPS signal on the first antenna 1 1 0, then the main controller 1 60 
can control the diversity switch 175 to switch the GPS module 160 back to the first antenna 110. 

In another example, the GPS module 165 may be initially coupled to, for example, the 
second antenna 120 via the diversity switch 175. The main controller 160, for example, may 
periodically or aperiodically cause the diversity switch 1 75 to couple the GPS module 1 65 to the 
first antenna 1 1 0 to sample and to evaluate the reception characteristics on the first antenna 110. 
After sampling the reception characteristics of the GPS signal on the first antenna 1 1 0, the main 
controller 160 may control the diversity switch 175 to couple the GPS module 165 back to the 
second antenna 120. If the main controller 160 determines that the reception characteristics of 
the first antenna 110 are sufficiently superior to the reception characteristics of the second 
antenna 120, then the main controller 160 may cause the diversity switch 175 to couple the GPS 
module to the first antenna 110. 

In another example, the GPS module 1 65 may be initially coupled to the first antenna 1 10 
via the diversity switch 175. The main controller 160, for example, may monitor the reception 
characteristics of the GPS signal on the first antenna 110. If the reception characteristics of the 
GPS signal on the first antenna 1 10 become poor (e.g., the bit error rate exceeds or is nearing an 
applicable error threshold), then the main controller 1 60 may test the reception characteristics of 
the GPS signal on the second antenna 110. For example, the main controller 1 60 may control the 
diversity switch 175 such that the GPS module 160 receives the GPS signal from the second 
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antenna 1 20. The main controller 1 60 can then evaluate the reception characteristics of the GPS 
signal on the second antenna 120. This can be accomplished relatively quickly. For example, if 
the reception characteristic of the second antenna 120 is evaluated based on, for example, the 
error bit rate of the second antenna 120, then an evaluation can be determined even on a bit-by- 
bit basis. 

If the main controller 160 determines that the GPS signal received by the second antenna 
120 has better reception characteristics (e.g., a lower bit error rate), then the main controller 1 60 
may keep the GPS module 165 coupled to the second antenna 120. The main controller 160 can 
then monitor the reception characteristics of the second antenna 120. On the other hand, if the 
main controller 160 determines that the second antenna 120 does not have the better reception 
characteristics or substantially better reception characteristics, then the main controller 160 may 
control the diversity switch 175 such that GPS module 165 is coupled to the first antenna 1 10. 

The wireless communications device 100 may also send or receive communications 
signals in a particular communications band (e.g., the cellular communications band, the PCS 
communications band or other communications bands known in the art) through the first antenna 
1 10 or the second antenna 120. The main controller 160, for example, may evaluate, from the 
reception or transmission characteristics of the first antenna 1 10 or the second antenna 120, 
whether the duplexer 1 85 should be coupled to the first antenna 1 10 or the second antenna 1 20 
and control the diversity switch 175 to couple the duplexer 185 to the appropriate antenna. As 
described above, the main controller 160 can select the first antenna 1 10 or the second antenna 
120 to optimize reception characteristics, transmission characteristics or a combination thereof 
for the assigned channels. This process can be periodic or aperiodic (e.g., triggered by a 
condition or an event). 

In another exemplary embodiment, the component 1 85 may be a diplexer. The diplexer 
1 85 may then be coupled to the first module 145 which may include communications circuitry for 
a first communications band, for example, the cellular communications band. The diplexer 1 85 
may also be coupled to the second module 155 which may include communications circuitry for a 
second communications band, for example, the PCS communications band. Accordingly, the 
wireless communications device 100 can provide communications over either, for example, the 
cellular communications band or the PCS communications band via the diplexer 185. Thus, for 
the communications band in use at the time by the wireless communications device 100, the main 
controller 1 60 can couple the diplexer 1 85 to the antenna (e.g., the first antenna 1 10 or the second 
antenna 120) that provides the best communications signal using methods and processes that 
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have been adapted from those described herein. In addition to optimizing communications by 
selecting between the first antenna 1 10 and the second antenna 120, the main controller 160 may 
optimize communications by selecting between communications bands and/or channels within 
the communications bands. 

The wireless communications device 100 can also provide simultaneously two-way 
wireless communications on one of the antennas and receive GPS signals on the other antenna. 
Thus, for example, while making a wireless telephone call, the diplexer or the duplexer 1 85 may 
be coupled to, for example, the first antenna 110. Simultaneously, the GPS module 165 can be 
coupled to, for example, the second antenna 120. The diversity switch 175 may or may not be 
structured so that no particular antenna is capable of coupling to the duplexer/diplexer 185 and 
the GPS module 1 65 at the same time. The diversity switch 1 75 may or may not be structured so 
that neither the duplexer/diplexer 185 nor the GPS module 165 is capable of coupling to both 
antennas at the same time. 

Thus, it is seen that systems and methods for receiving and transmitting information in a 
wireless communications system are provided. One skilled in the art will appreciate that the 
present invention can be practiced by other than the preferred embodiments which are presented 
in this description for purposes of illustration and not of limitation, and the present invention is 
limited only by the claims that follow. It is noted that equivalents for the particular embodiments 
discussed in this description may practice the present invention as well. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A handheld wireless communications device, comprising: 
a first antenna; 

a second antenna; 

a switching module coupled to the first antenna and to the second antenna; and 

a global positioning system (GPS) module coupled to the first antenna or the second 

antenna via the switching module, 

wherein the switching module is adapted to couple the GPS module to the first antenna or 

the second antenna as a function of a GPS reception characteristic of the first antenna or the 

second antenna. 

2. The wireless communications device according to claim 1, 
wherein the switching module includes a diversity switch, and 

wherein the GPS module is coupled to the first antenna or the second antenna via the 
diversity switch. 

3. The wireless communications device according to claim 2, further comprising: 
a controller coupled to the GPS module and the switching module. 

4. The wireless communications device according to claim 3, wherein the GPS 
reception characteristic is determined for a particular GPS frequency employed by the GPS 
module. 

5 . The wireless communications device according to claim 3 , wherein the controller 
includes a mobile station modem (MSM). 

6. The wireless communications device according to claim 1, wherein the GPS 
reception characteristic includes GPS signal strength, GPS signal clarity or GPS bit error rate 
(BER). 
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7. The wireless communications device according to claim 1, wherein the first 
antenna is not disposed in a same direction as the second antenna. 

8. The wireless communications device according to claim 1, wherein the first 
antenna is disposed approximately orthogonally with respect to the second antenna. 

9. The wireless communications device according to claim 1, wherein the GPS 
module includes a matching circuit and a low noise amplifier. 

10. The wireless communications device according to claim 9, wherein the matching 
circuit optimizes GPS signal characteristics over the first antenna or the second antenna. 

1 1 . The wireless communications device according to claim 9, wherein the matching 
circuit optimizes GPS signal strength over the first antenna or the second antenna. 

12. The wireless communications device according to claim I, further comprising: 
a duplexer coupled to the switching module; 

a receiver module coupled to the duplexer; and 
a transmitter module coupled to the duplexer, 

wherein the switching module is adapted to couple the duplexer to the first antenna or the 
second antenna as a function of a communications reception characteristic or a communications 
transmission characteristic of the first antenna or the second antenna. 

1 3 . The wireless communications device according to claim 1 2, wherein the switching 
module is adapted to couple, via the duplexer, the receiver module or the transmitter module to 
the first antenna or the second antenna as a function of the communications reception 
characteristic or the communications transmission characteristic of the first antenna or the second 
antenna. 

1 4 . The wireless communications device according to claim 1 2, wherein the switching 
module is structured to couple simultaneously the duplexer and the GPS module to different 
antennas. 
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15. The wireless communications device according to claim 1, further comprising: 
a diplexer coupled to the switching module; 

a first communications band module coupled to the diplexer; and 
a second communications band module coupled to the diplexer, 

wherein the switching module is adapted to couple the diplexer to the first antenna or the 
second antenna as a function of a communications reception characteristic or a communications 
transmission characteristic of the first antenna or the second antenna. 

1 6. The wireless communications device according to claim 1 5, wherein the switching 
module is adapted to couple, via the diplexer, the first communications band module or the 
second communications band module to the first antenna or the second antenna as a function of 
the communications reception characteristic or the communications transmission characteristic of 
the first antenna or the second antenna. 

1 7 . The wireless communications device according to claim 1 6, wherein the switching 
module is structured to couple simultaneously the diplexer and the GPS module to different 
antennas. 

18. The wireless communications device according to claim 15, 

wherein the first communications band module includes cellular band communications 
circuitry, and 

wherein the second communications band module includes PCS band communications 
circuitry. 

19. A system for providing wireless communications, comprising: 
a first antenna; 

a second antenna; 
a GPS module; 

means for selecting one of the first antenna or the second antenna for use in receiving 
GPS information as a function of GPS receiving characteristics of the first antenna or the second 
antenna; and 

means for coupling the received GPS information to a GPS module via one of the first 
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antenna or the second antenna as selected by the selecting means. 

20. The system according to claim 19, further comprising: 

means for coupling a communications transmitter module or a communications receiver 
module to the first antenna or the second antenna as selected by means for selecting the first 
antenna or the second antenna as a function of communications transmission characteristics or 
communications reception characteristics of the first antenna or the second antenna. 

21. The system according to claim 20, wherein the GPS module and the 
communications transmitter module or the communications receiver module simultaneously use 
different antennas. 

22. The system according to claim 19, further comprising: 
means for communicating over a first communications band; 
means for communicating over a second communications band; and 

means for coupling communications information over the first communications band or 
the second communications band via the first antenna or the second antenna as selected by means 
for selecting the first antenna or the second antenna as a function of communications reception 
characteristics or communications transmission characteristics of the first antenna or the second 
antenna. 

23. The system according to claim 22, wherein the GPS module and the first 
communications band means or the second communications band means simultaneously use 
different antennas. 

24. A method for providing a global positioning system (GPS) enabled wireless 
communications device, comprising the steps of: 

(a) selecting a first antenna or a second antenna for use in receiving GPS information 
as a function of GPS receiving characteristics of the first antenna or the second antenna; and 

(b) coupling the GPS information to a GPS signal processor via one of the first 
antenna or the second antenna as selected in step (a). 

25. The method according to claim 24, further comprising the step of: 
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(c) simultaneously receiving the GPS information and two-way wireless 
communications information over respective antennas via a diversity switch. 

26. A method for providing global positioning system (GPS) enabled wireless 
communications, comprising the steps of: 

(a) coupling a GPS module to a first antenna via a diversity switch; 

(b) evaluating a GPS reception characteristic of the first antenna; 

(c) coupling the GPS module to a second antenna via the diversity switch; 

(d) evaluating the GPS reception characteristic of the second antenna; and 

(e) coupling the GPS module to the second antenna instead of the first antenna via the 
diversity switch. 

27. The method according to claim 26, wherein step (e) includes the step of coupling 
the GPS module to the second antenna instead of the first antenna via the diversity switch if the 
GPS reception characteristic of the second antenna is better than the GPS reception characteristic 
of the first antenna. 

28. The method according to claim 26, wherein step (e) includes the step of coupling 
the GPS module to the second antenna instead of the first antenna via the diversity switch if the 
GPS reception characteristic of the first antenna becomes poor. 

29. The method according to claim 26, wherein step (b) includes the step of evaluating 
when the GPS reception characteristic of the first antenna reaches a particular threshold value. 

30. The method according to claim 26, wherein step (c) includes the step of 
temporarily coupling the GPS module to the second antenna via the diversity switch to sample 
the GPS signal for use in step (d). 

3 1 . The method according to claim 26, further comprising the steps of: 

(f) evaluating a communications transmission characteristic or a communications 
reception characteristic of the first antenna or the second antenna; and 

(g) coupling a duplexer to one of the first antenna or the second antenna via the 
diversity switch as a function of the evaluated communications transmission characteristic or the 
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evaluated communications reception characteristic of the first antenna or the second antenna. 

32. The method according to claim 3 1 , further comprising the step of: 

(i) simultaneously coupling the duplexer and the GPS module to different antennas 
via the diversity switch. 

33. The method according to claim 26, further comprising the steps of: 

(f) evaluating a communications transmission characteristic or a communications 
reception characteristic of the first antenna or the second antenna; and 

(g) coupling a diplexer to one of the first antenna or the second antenna via the 
diversity switch as a function of the evaluated communications transmission characteristic or the 
evaluated communications reception characteristic of the first antenna or the second antenna. 

34. The method according to claim 33, further comprising the step of: 

(i) simultaneously coupling the duplexer and the GPS module to different antennas 
via the diversity switch. 

35. The method according to claim 33, further comprising the step of: 

(i) coupling cellular band communications circuitry or personal communications 
services (PCS) band communications circuitry to the first antenna or the second antenna via the 
diplexer and the diversity switch. 



-18- 



WO 03/071713 



PCT/IB02/02723 




SUBSTITUTE SHEET (RULE 26) 



WO 03/071713 



PCT/IB02/02723 




SUBSTITUTE SHEET (RULE 26) 



WO 03/071713 



PCT/IB02/02723 




SUBSTITUTE SHEET (RULE 26) 



WO 03/071713 



PCT/IB02/02723 



210 




FIG. 3 
(PRIOR ART) 



250 



FIG. 4 
(PRIOR ART) 




290 



FIG. 5 
(PRIOR ART) 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



PCT/IB 02/02723 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 H04B7/08 H01Q1/24 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01Q H04B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where .appropriate, of the relevant passages 



Relevant to claim No. 



WO 01 96899 Al (SEIKO EPSON CORP. ) 

20 December 2001 (2001-12-20) 
abstract; figure 1 

& US 2002/021244 Al (AIZAWA ET AL.) 

21 February 2002 (2002-02-21) 
the whole document 

US 5 697 075 A (KIM) 

9 December 1997 (1997-12-09) 

abstract; figures 1-3 

US 5 986 609 A (SPALL) 
16 November 1999 (1999-11-16) 
abstract; figures 1,3A-3D,7 
column 1, line 29 - line 67 
column 8, line 24 - line 46 

-/-- 



19,24,26 



1,19,24, 
26 



LH 



Further documents are listed in the continuation of box C. 



El 



Patent family members are listed in annex. 



0 Special categories ol cited documents : 

•A" document defining Ihe general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

■L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date ol another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



■T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•&■ document member of the same patent family 



Dale of the actual completion of the international search 



4 December 2002 



Date of mailing of the international search report 



17/12/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Palentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Danielidis, S 



Form PCT/1SA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


PCT/IB 02/02723 


C(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with indication.where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


EP 1 148 584 A (SONY CORP. ) 

24 October 2001 (2001-10-24) 

abstract; figures 3,4 

column 11, line 15 -column 12, line 6 




1,19,24, 
26 


Y 


PATENT ABSTRACTS OF JAPAN 

vol . 014, no. 124 (P-1018), 

8 March 1990 (1990-03-08) ■ 

& JP 01 318982 A (JAPAN RADIO CO LTD), 

25 December 1989 (1989-12-25) 

abstract 




1,19,24, 
26 


Y 


WO 97 15961 A (GEOTEC COMMUNICATIONS, INC. ) 

1 May 1997 (1997-05-01) 

abstract; figures 1-3 

page 4, line 20 -page 5, line 27 




1-35 


Y 


EP 0 620 657 A (MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD.) 
19 October 1994 (1994-10-19) 
abstract; claim 1; figures 1,2,5,7-12 




1-35 


A 


US 6 049 705 A (XUE) 

11 April 2000 (2000-04-11) 

abstract; figures 3A-8B 




1,7,8 


A 


WO 96 29756 A (MINESS0TA MINING AND 

MANUFACTURING COMPANY) 

26 September 1996 (1996-09-26) 

abstract; figures 4-7 

page 5, line 20 - line 26 




15 



Form PCT/ISA/210 (continuation of second Sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



PCT/IB 02/02723 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 0196899 4 Al 



NONE 



Uo 


ooy/u/3 


A 

A 


no 

uy- 


1 0 


1 Q07 

-iyy / 


V D 


yt>uy44o 


D 1 
D 1 


i n r»7 1 fine 

iy-o/-iyyo 














LN 


1 1 noo o 1 
llUooil 


A 

A 


zo-oy-iyyb 














JP 


7212285 


A 


11-08-1995 


1 IC 

Uo 


bytsobuy 


A 

A 


lo- 


1 1 

-11- 


i nnn 

-iyyy 


Al 1 

AU 


/bOZb/ 


H2 


11-07-Z00Z 














AU 


3888199 


A 


20-12-1999 














CN 


1304563 


T 


18-07-2001 














C D 

tr 


i ft7cn 1 n 

lu/oy iy 


A 1 
Al 


01 no onni 

zi-oz-zoui 














ID 

Jr 


onnoti 700Q 

zuuzbi/yzo 


T 
1 


1 0 r\a onno 
Io-UD-ZOOZ 














i w 


4oll4o 


D 
D 


Z1-1U-Z001 














wo 


9963618 


Al 


09-12-1999 


EP 


1148584 


A 

A 


O/l 

Z4- 


1 n 
-10- 


onm 


1 D 

Jr 


ZU01Zo494o 


A 

A 


lZ-lU-ZOul 
















loYUUu/ 


A 

A 


01 in onn 1 
ol-lU-ZOul 














C D 

tr 


1 1 A O C O A 

114obo4 


A O 

AZ 


0 a in onm 

24-10-2001 














lib 


ZOOZUUZOJ/ 


A 1 

Al 


03-01-2002 


JP 


01318982 


A 


25- 


-12- 


-1989 


jp 


2050795 


C 


10-05-1996 














jp 


7078532 


B 


23-08-1995 


MO 9715961 


A 


01- 


-05- 


-1997 


AU 


7520296 


A 


15-05-1997 














CD 

tr 


Uob/ oby 


A 1 

Al 


i 0 no 1 no. 0 

lz-uo-iyyo 














ID 

Jr 


Ilbl41/U 


T 
1 


on 11 1 ftftft 
30-11-1999 














wu 


071 

y/ibyoi 


Al 


ui-ub-iyy / 


EP 


620657 


A 

A 


1 Q 

iy- 


-iu- 


1 QQ/I 

-lyy^ 


ID 

Jr 


O0U0ZZU 


A 

A 


00 in 1 an a 

zo-iu-iyy4 














ID 

Jr 


zr on 0 010 


A 

A 


00 in 1 no vi 

Zo-iu-iyy4 














LA 


91 01 ^^Q 
Z1Z144© 


A 1 

Al 


17 in 1 QQA 

1 /-iu-iyy4 














EP 


1239609 


A2 


11-09-2002 














EP 


0620657 


Al 


19-10-1994 














US 


5561673 


A 


01-10-1996 


US 


6049705 


A 


ii- 


-04- 


-2000 


NONE 








WO 


9629756 


A 


26- 


-09- 


-1996 


AU 


696840 


B2 


17-09-1998 














AU 


5174896 


A 


08-10-1996 














BR 


9607695 


A 


07-07-1998 














CA 


2213848 


Al 


26-09-1996 














EP 


0815613 


Al 


07-01-1998 














JP 


11502386 


T 


23-02-1999 














UO 


9629756 


Al 


26-09-1996 



Form PCTASA/210 (patent family annex) (Jufy 1992) 



